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(57) The present invention provides a steel bar or 
wire rod for cold forging excellent in ductility after sphe- 
roidizing annealing and capable of preventing the oc- 
currence of cracking in the steel material during cold 
forging, which cracking has so far been a problem when 
nnanufacturing machine stmctural components by cold 
forging, and a method to produce the same. Specifically, 
a steel bar or wire rod for cold forging according to the 
present invention has a chemical composition compris- 
ing, in mass, 0.1 to 0.65% of C, 0.01 to 0.5% of Si, 0.2 
to 1 .7% of Mn. 0.001 to 0.15% of S, 0.015 to 0.1% of Al, 
0.0005 to 0.007% of B, and the restricted elements of 
0.035% or less of P, 0.01% or less of N and 0.003% or 
less of 0, with the balance consisting of Fe and una- 
voidable Impurities, and is characterized in that: the area 
percentage of ferrite structure is 1 0% or less at the por- 
tion from the surface to the depth of 0. 1 5 time the radius 
of the steel bar or wire rod; the other portion consists 
substantially of one or more of martensite, bainite and 
peariite; and further the average hardness of the portion 
from the depth of 0.5 time Its radius to Its center is less 
than the hardness of its surface layer (the portion from 
the surface to the depth of 0.15 times the radius) by IHV 
20 or more. 
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Description 
Technical Field 

5 [0001] The present invention relates to a steel bar or wire rod, for cold forging, used for manufacturing machine 
structural components such as those of cars and construction machines and a method to produce the same. More 
specifically, the present invention relates to a steel bar or wire rod, for cold forging, excellent in ductility and suitable 
for the cold forging by heavy working and a method to produce the same. 

10 Background Art 

[0002] Carbon steels for machine structural use and low alloy steels for machine structural use have conventionally 
been used as structural steel materials for manufacturing machine structural components such as those of cars and 
construction machines. Machine stmctural components such as bolts, rods, engine parts and driving system compo- 

15 nents for cars have so far been manufactured from these steel materials mainly through hot forging and machining 
processes. A recent trend, however, Is that the above processes are replaced with a cold forging process for the sake 
of enhanced productivity and other advantages. In a cold forging process, cold forging is usually applied to hot rolled 
steel materials after spheroldizing annealing (SA) is applied to secure cold workability. A problem in the cold forging 
is, however, thai the sleel materials are hardened by working and their ducUlily is lowered, resulting in the occurrence 

20 of cracks and a shorter service life of metal dies. In case of heavy cold forging in particular, cracking during cold forging, 
namely the insufficient ductility of steel materials, is often the main hindrance to changing the process from hot forging 
to cold forging. 

[0003] Meanwhile, since the spheroldizing annealing (SA) requires high temperature heating and a long retention 
time of stool materials, it not only requires a heat treatment facility such as a reheating furnace but also consumes 
25 energy for the heating, and therefore the process accounts for a large proportion of the total manufacturing cost. To 
cope with this, various technologies have been proposed from the viewpoints of productivity improvement, energy 
saving, etc. 

[0004] Some examples are as follows: Japanese Unexamined Patent Publication No. S57-63638 proposes a method 
to shorten the time for spheroldizing annealing and obtain a steel wire rod excellent in cold forging by cooling a steel 

30 material to BOO'^C at a cooling rate of 4°C/sec. or higher after hot-rolling to form a quenched structure and then applying 
spheroldizing annealing to the steel material covered with scale in an inert gas atmosphere; Japanese Unexamined 
Patent Publication No. S60'1 52627 proposes a method to enable quick spheroldizing by regulating finish rolling con- 
ditions, rapidly cooling the steel material after the rolling and fomiing a structure in which fine peariite, bainite or mar- 
tensite is intenningled with finely dispersed pro-eutectoid fenite; Japanese Unexamined Patent Publication No. 

35 861 -2641 58 proposes a method to lower the steel hardness after spheroldizing annealing by improving steel chemical 
composition, namely obtaining a low carbon steel having a reduced P content of 0.005% or less and satisfying Mn/S 
^ 1 .7 and AI/N ^ 4.0; and Japanese Unexamined Patent Publication No. S60-11 451 7 proposes a method to eliminate 
a softening annealing process before cold working by applying a controlled rolling. 

[0005] All these conventional technologies aim at improving or eliminating the spheroldizing annealing before cold 
40 forging and do not aim at improving the insufficient ductility of steel materials, which is the main hindrance to changing 
the process from hot forging to cold forging in the manufacture of machine components requiring heavy working. 

Disclosure of the Invention 

45 [0006] In view of the above situatbn, the object of the present Invention is to provide a steel bar or wire rod for cold 
forging excellent In ductility after spheroldizing annealing and capable of preventing the occurrence of cracking in the 
steel material during cold forging which has, so far, been a problem when manufacturing machine structural components 
by cold forging after applying spheroldizing annealing to a hot-rolled steel bar or wire rod, and a method to produce 
the same. 

so [0007] The inventors of the present Invention discovered, as a result of investigating the cold workability of a steel 
bar or wire rod for cold forging , that it was possible to obtain a steel bar or wire rod for cold forging excellent In ductility 
after spheroldizing annealing by hardening only the surface layer of a steel bar or wire rod having a specify chemical 
composition and softening the structure of its center portion. 

[0008] The gist of the present invention, which has been established on the basis of the above finding, is as follows: 

55 

(1) A steel bar or wire rod for cold forging excellent in ductility after spheroldizing annealing, having a chemical 
composition comprising, by mass, 
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0.1 to 0.65% of C, 

0.01 to 0.5% of Si. 

0.2 to 1 .7% of Mn, 

0.001 to 0.15% of S, 
5 0.015 to 0.1% of AL 

0.0005 to 0.007% of B, and 

the restricted elements of 

0.035% or less of P. 

0.01% or less of N and 
10 0,003% or less of O, 

with the balance consisting of Fe and unavoidable impurities, characterized in that: the area percentage of 

fenite structure is 10% or less at the portion from the surface to a depth of 0.15 times the radius of the steel 

bar or wire rod; the other portion consists substantially of one or more of martensite, bainite and pearlite; and 

further the average hardness of the portion from the depth of 0.5 times its radius to its center is less than the 
15 hardness of its surface layer (the portion from the surface to the depth of 0. 1 5 time the radius) by H V 20 or more . 

(2) A steel bar or wire rod for cold forging excellent In ductility after spheroidlzing annealing according to the Item 
(1), characterized by further containing 0.2 mass % or less of Tt. 

20 (3) A steel bar or wire rod for cold forging excellent in ductility after spheroidizing annealing according to the item 

(1) or (2), characterized by further containing, by mass, one or more of 

3.5% or less of Ni. 
2% or loss of Cr and 
25 1% or less of Mo. 

(4) A steel bar or wire rod for cold forging excellent in ductility after spheroidizing annealing according to any one 
of the items (1) to (3), characterized by further containing, by mass, one or both of 

30 0.005 to 0.1% of Nb and 

0.03 to 0,3% of V. 

(5) A steel bar or wire rod for cold forging excellent in ductility after spheroidizing annealing according to any one 
of the items (1) to (4), characterized by further containing, by mass, one or more of 

35 

0.02% or less of Te, 
0.02% or less of Ca, 
0.01% or less of Zr, 
035% or less of Mg, 
40 0. 1 % or less of Y and 

0.15% or less of rare earth elements. 

(6) A steel bar or wire rod for cold forging excellent in ductility after spheroidizing annealing according to any one 
of the items (1) to (4), characterized in that the austenite grain size number according to Japanese Industrial 

45 Standard (JIS) Is 8 or larger at the portion from the surface to the depth of 0.15 times the radius of the steel bar 
or wire rod. 

(7) A method to produce a steel bar or wire rod for cold forging excellent in ductility after spheroidizing annealing, 
characterized by finish-hot-roliing a steel having a chemical composition specified in any one of items [1 ) to (5) in 

so a manner to control its surface temperature to 700 to 1 ,000°C at the exit from the final finish rolling stand and then 

subjecting it to at least one or more process cycles consisting of rapid cooling to a surface temperature of 600°C 
or below and recuperation by its sensible heat to a surface temperature of 200 to 700**C, so that the area percentage 
of fenite structure is 1 0% or less at the portion from the surface to the depth of 0.1 5 times the radius of the steel 
bar or wire rod, the other portion consists substantially of one or more of martensite, bainite and peariite, and 

ss further the average hardness of the portion from the depth of 0.5 times its radius to its center is less than the 

hardness of its surface layer (the portion from the surface to the depth of 0.1 5 times the radius) by HV 20 or more. 

(B) A steel bar or wire rod for cold forging excellent in ductility, characterized in that the steel bar or wire rod is 
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subjected to spheroidizing annealing like any one of the Itenns (1) to (6), the degree of spheroidized structure 
defined by JIS G 3539 is within No.2 at the portion from the surface to the depth of 0.1 5 time the radius of the steel 
bar or wire rod and, in addition, the degree of spheroidized staicture is within No. 3 at the portion from the depth 
of 0.5 time its radius to Its center 

5 

(9) A steel bar or wire rod for cold forging excellent in ductility according to the item (8), characterized in that the 
ferrite grain size number under JIS Is B or larger at the portion from the surface to the depth of 0.15 times the 
radius of the steel bar or wire rod. 

^0 Brief Description of the Drawings 

[0009] 

Fig. '1 Is a graph showing the relationship between the distance (mm) from the surface and the hardness (HV) of 
15 a steel bar for cold forging (C: 0.48%), according to the present invention, having the diameter of 36 mm. 

Fig. 2(a) is a micrograph (x 400) of the surface of a steel bar and Fig. 2(b) is another of its center. 
Fig. 3(a) Is a micrograph (x 400) of the surface of the steel bar shown In Fig.1 after spheroidizing annealing, and 
Fig. 3(b) is another of Its center 

Fig. 4 is a schematic illustralion showing an example of a rolling line employed in the present invention. 
20 Fig. 5(a) is a diagram showing CCT curves to explain the structures of the surface layer and the center portion of 

a steel bar or wire rod and Fig. 5(b) a sectional view showing the structures of a steel bar or wire rod after cooling 
and recuperation. 

Best Mode for Canying out the Invention 

25 

[0010] The present invention is explained in detail hereafter 

[001 1] In the first place, explained are the reasons why the steel chemical composition is defined as above to realize 
the structure and the mechanical properties such as hardness and ductility of a steel bar or wire rod for cold forging 
envisaged in the present invention. 

30 [0012] C is indispensable for increasing steel strength so as to be suitable for machine stmctural components and, 
with a C content less than 0.1%, the strength of the final products is insufficient but, with a C content in excess of 
0.65%, the ductility of the final products is deteriorated. The C content Is. therefore, limited to 0.1 to 0.65%. In particular, 
it is preferable to control the content of C in the range from 0.2 to 0.4% in case of bolts and other mechanical components 
requiring quenching, from 0.1 to 0.35% in case of those requiring carburization quenching, and from 0.3 to 0.65% In 

35 case of those requiring induction quenching. 

[0013] Si Is added as a deoxidizing agent and for increasing the strength of final products through solid solution 
hardening. A content of SI below 0.01% is insufficient for obtaining the above effects but, when It Is added In excess 
of 0.5%. these effects do not increase any more and, adversely, ductility is lowered. For this reason, the content of Si 
is defined as 0.01 to 0.5%. It is, however, preferable to set an upper limit of the Si content at 0.2% or lower, more 

40 preferably, at 0.1% or lower 

[001 4] Mn is effective for increasing the strength of the final products through the enhancement of hardenablllty but, 
with a content of Mn less than 0.2%, a sufficient effect is not obtained and. with Its addition in excess of 1 .7%, the effect 
becomes saturated and, adversely, ductility is lowered. The Mn content fe, therefore, limited to 0.2 to 1 .7%. 
[0015] S is inevitably included in steel and exists there in the fonn of MnS. Its content is defined in the present 

45 invention as 0.001 to 0.1 5% since S contributes to the Improvement of machlnablllty and the formation of fine crystal 
structure. However, since S deteriorates ductility and thus Is detrimental to cold forming wortc. It Is preferable to limit 
Its content to 0.015% or lower, more preferably, to 0.01% or lower, when machlnablllty is not required, 
[0016] Al is effective as a deoxidizing agent. It is also effective for fixing solute N in steel in the form of AIN and 
securing solute B. With an excessive content of Al, however, an excessive amount of AI2O3 is fomned, resulting in the 

so Increase of intemal defects and the deterioration of cold woricability. The content of Al is limited in the present invention 
to the range from 0.01 5 to 0. 1 % for the above reason. Note that it is preferable to control the Al content to 0.04 to 0. 1 % 
when Tl, which serves to fix the solute B, is not added. 

[0017] B precipitates in the fonn of Fe23(CB)6, which is a chemical compound of B, at the ot/y interface during the 
cooling process after spheroidizing annealing, contributing to softening the steel and enhancing cold workability by 
S5 accelerating the growth of femte and broadening the distances among spheroidal carbides. Besides, the solute B 
precipitates at grain boundaries to enhance hardenablllty. For these reasons, the content of B is defined as 0.0005 to 
0.007%. 

[001 8] P Is Inevitably included in steel, but it causes grain boundary segregation and center segregation, deteriorating 
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ductility. It is, therefore, desirable to limit the content of P to 0.035% or less, or, more preferably, 0.02% or less (including 
0%). 

[0019] N is also inevitably Included in steel. Since it is a detrimental element which reacts with B to form BN and 
lowers the effect of B, Its content has to be 0.01% or less or. preferably, 0.007% or less. 

5 [0020] O is inevitably included in steel, too, and deteriorates cold workability by reacting with Al to form AI2O3. It is 
therefore desirable to control its content to 0.003% or lower or, preferably, 0.002% or lower (including 0%). 
[0021] The basic chemical composition of steel intended for the present invention is as described above. Further, in 
the present invention, Ti is added to fix N in the form of TiN and make N hanntess. Since Ti is also effective as a 
deoxidizing agent, it is added to 0.2% or less, as deemed necessary. Further, one or more of Ni. Cr and Mo are added 

10 for the purpose of Increasing the strength of final products through the enhancement of hardenability and other effects. 
Ar^ addition of these elements in great quantities, however raises steel hardness through the fom^ation of bainlte and 
martensite at the center portion of an as hot-rolled steel bar or wire rod, and is not economical. The contents of these 
elements, therefore, are limited as follows: 3.5% or less for NI, 2% or less or, preferably, 02% or less for Cr, and 1% 
or less for Mo. 

75 [0022] In addition/forthe purpose of controlling the crystal grain size, one or both of Nb and V may be added to steel 
according to the present invention. When the content of Nb is below 0.005% or that of V is below 0.03%, however, a 
sufficient effect is not obtained but, on the other hand, when their contents exceed 0.1 and 0.3%, respectively, the 
effect is saturated and, adversely, ductility is lowered. Hence, their contents are defined as 0.0005 to 0.1% for Nb and 
0.03 to 0.3% ror V. 

20 [0023] Further, steel according to the present invention may contain one or more of 0.02% or less of Te, 0.02% or 
less of Ca, 0.01% or less of Zr, 0.035% or less of Mg, 0.15% or less of rare earth elements and 0.1% or less of Y for 
the purposes of controlling the shape of MnS, preventing cracks and enhancing ductility. Each of these elements forms 
oxides, and the oxides not only act as nuclei for the formation of MnS but also reform MnS into (Mn, Ca)S, (Mn, Mg) 
S, etc. Since this makes the sulfides easily strctchablc during hot rolling and makes granular MnS disperse in fine 

25 grains, ductility is improved and the critical compressibility during cold forging is also improved. On the other hand, 
when Te is added in excess of 0.02%, Ca in excess of 0.02%, Zr in excess of 0.01%, Mg in excess of 0.035%, Y in 
excess of 0.1 %, and/or rare earth elements in excess of 0.1 5%, the above effects are saturated and, adversely, ductility 
is deteriorated as a result of the fomnation of coarse oxides such as CaO, MgO, etc., clusters of these oxides and the 
precipitation of hard compounds such as ZrN and the like. For this reason, the contents of these elements are defined 

30 as 0.02% or less for Te. 0.02% or less for Ca, 0.01% or less for Zr, 0.035% or less for Mg, 0.1% or less for Y, and 
0.15% or less for rare earth elements. Note that the rare earth elements are the elements having the atomic numbers 
of 57 to 71. 

[0024] Here, the Zr content in steel is detenmined by inductively coupled plasma emission spectrometry (ICR), in a 
manner similar to the determination of Nb content in steel, after sample treatment in the same manner as specified in 

35 Attachment 3 of JIS G 1237-1997. The samples used in the measurement of the examples of the present invention 
are 2g per steel grade and the calibration curves for the ICR are set so as to be suitable for measuring a very small 
quantity of Zr. Namely, solutions having different Zr concentrations are prepared by diluting the standard Zr solution 
so that the Zr concentrations vary from 1 to 200 ppm, and the calibration curves are detemnined by measuring the 
amounts of Zr in the solutions. The common procedures related to the ICR are in accordance with JIS K 0116-1995 

40 (General Rules for Emission Spectrometry) and JIS Z 8002-1 991 (General Rules f orTolerances of Tests and Analyses). 
[0025] Next, the structure of a steel bar or wire rod according to the present invention is explained hereafter. 
[0026] The present i.nventors studied methods to enhance the ductility of a stee! bar or wire rod for cold foiling and 
clarified that the key to enhancing the ductility of spheroidizing-annealed steel materials was to make the spheroidizing- 
annealed structure unifomn and fine, and, to this end, it was effective to suppress the tenite percentage in the structure 

45 after hot rolling to a specified percentage or less and make the balance a mixed structure consisting of one or more 
of fine martensite, bainlte and pearlite. Forthis reason, the ductility of a steel bar or wire rod Improves when it undergoes 
rapid cooling after hoi finish rolling and then spheroidizing annealing. However, when a steel bar or wire rod is rapidly 
cooled and hardened throughout the cross section of the structure, quenching cracks are likely to occur, steel hardness 
does not decrease even after spheroidizing annealing, cold defonnation resistance increases, and thus the service life 

50 of cold forging dies becomes shorter. The present inventors discovered that, to solve this problem, it was effective to 
rapidly cool the surface layer of a steel bar or wire rod after hot finish rolling, then let it recuperate by its sensible heat 
so as to soften the martensite formed in the surface layer by tempering prior to spheroidizing annealing, and keep the 
structure of the internal portion softer, as a result of a slower cooling rate, than that of the surface layer, and, by doing 
so, a steel bar or wire rod for cold forging excellent in ductility after spheroidizing annealing and having low cold de- 

55 formation resistance could be obtained. 

[0027] Fig. 1 is a graph showing the relationship between the distance (mm) from the surface and the hardness (HV) 

of a steel bar for cold forging (C: 0.48%) according to the present invention having the diameter of 36 mm. 

[0028] As shown in Fig. 1 , the average hardness of the surface layer is HV 285 and that at the center is HV 190. 
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The hardness of the center portion is greatly lower than that of the surface, the difference being approximately HV 1 00. 
[0029] As for the structure, as shown in the micrographs (x 400) of the surface layer in Fig. 2(a) and the center in 
Fig. 2(b), the surface layer is mainly composed of tempered martensite and the center portion mainly of ferrite and 
pearlite. 

5 [0030] As for the structures obtained after holding the steel bar of Fig. 1 at 745''C for 3 hr. and applying spheroldizing 
annealing by slow-cooling at a cooling rate of 1 0°C/hr., as shown in the micrographs (x 400) of the surface in Fig. 3(a) 
and the center in Fig. 3(b), the structure of the surface is well spheroidized and homogeneous. The hardness after the 
spheroldizing annealing Is approximately HV 130 and the difference in hardness between the surface and the center 
is as small as about HV 10. 

10 [0031] The steel bar after the spheroldizing annealing was subjected to an upsetting test, under heavy working, at 
a true strain exceeding 1 . However, no cold forging cracks were generated and cold defonmation resistance remained 
at a low level and did not cause any problem in cold forging work. 

[0032] Then, the present inventors proceeded with tests and examinations on the relationship between the structure 
of the surface layer and the hardness of the surface layer and the center portion to clarify the conditions where cracks 

'5 were not generated even in cold forging. 

[0033] As a result, the present inventors discovered the following: cold forging cracks could not be prevented unless 
the area percentage of fenlte stmcture was 10% or less, preferably 5% or less In case of cold forging requiring heavy 
working, at the portion from the surface to the depth of 0.15 times the radius of a steel bar or wire rod, even If the 
surface layer was composed of a tempered marlensile structure (a structure In which ferriie exists in a phase consisting 

20 substantially of one or more of martensite. bainite and pearlite); for securing ductility to prevent cracks from occurring 
during cold forging and deformation resistance from increasing, it was necessary to form a fine and homogeneous 
structure having a higher percentage of tempered martensite in the surface layer at the stage of an as rolled steel bar 
or wire rod; and to do so, it was necessary to create a difference in hardness between the surface layer and the center 
portion at the stage of an as rolled steel bar or wire rod, and it was indispensable to make the average hardness (HV) 

25 of the portion from the depth of 0.5 times the radius of the steel bar or wire rod to Its center less than the average 
hardness (HV) of the portion from the surface to the depth of 0.16 times the radius by HV 20 or more, preferably, by 
HV 50 or more in case of cold forging requiring heavy working. 

[0034] Then, when the above steel bar or wire rod is subjected to spheroidizing annealing (SA), obtained is a steel 
bar or wire rod for cold forging excellent in ductility, wherein the degree of spheroidized structure defined by JIS G 

30 3539 is within No.2 at the portion from the surface to a depth of 0.15 times the radius of the steel bar or wire rod and, 
in addition, the degree of spheroidized structure is within No. 3 at the portion from a depth of 0.5 times its radius to its 
center It was confirmed that the spheroidizing-annealed steel bar or wire rod thus obtained does not develop cold 
forging cracks even in an upsetting test, under heavy working, with a true strain exceeding 1 . 
[0035] Note that conventionally known methods tor spheroidizing annealing can be employed for the spheroidizing 

35 annealing of the present invention. 

[0036] In order to obtain a crystal grain size of the surface layer which contributes to the enhancement of ductility, rt 
is enough to make the austenlte crystal grain size number (JIS G 0551) before spheroidizing annealing equal to or 
larger than 8 at the portion from the surface to a depth of 0.15 times the radius of the steel bar or wire rod, and it is 
preferable to make the number equal to or larger than 9 when better properties are required and, further, equal to or 

40 larger than 1 0 when yet higher properties are required. In addition to the above, after the spheroidizing annealing, It 
is enough to make the ferrite crystal grain size number (JIS G 3545) equal to or larger than 8 at the portion from the 
surface to the depth of 0.1 6 times the radius of the steel bar or wire rod, and It is preferable to make the number equal 
to or larger than 9 when better properties are required, and. further, equal to or larger than 1 0 when yet higher properties 
are required. 

^5 [0037] When the crystal grain size numbers are below the above specifications, sufficient ductility Is not achieved. 
[0038] The method to produce a steel bar or wire rod for cold forging according to the present irwention Is explained 
hereafter. 

[0039] Fig. 4 is a schematic illustration showing an example of a rolling line employed in the present invention. 
[0040] As seen in the figure, a steel having a chemical composition according to any of claims 1 to 5 is heated in a 

so reheating furnace 1 and finish-rolled through a rolling mill train 2, In a manner to control the surface temperature of the 
steel bar or wire rod to 700 to 1 ,000*C at the exit from the final rolling mill stand. The temperature at the exit from the 
final rolling mill stand is measured with a pyronrx>ter 3. Then the finish-rolled steol bar or wire rod 4 is rapidly cooled 
(preferably, at an average cooling rate of, for example, 30*C/sec. or higher) to a surface temperature of SOO^C or lower, 
preferably SOO'^C or lower, or more preferably 400**C or lower, with water directly applied to its surface through cooling 

ss troughs 5, so that the surface stmcture may consist mainly of martensite. After passing through the cooling troughs, 
the surface temperature of the steel bar or wire rod is recuperated to 200 to 700''C (measured with a pyrometer 6) by 
the sensible heat of its center portion so that the surface structure may consist mainly of tempered martensite. 
[0041] The present invention provides that the above process cycle of rapid cooling and recuperation is conducted 
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at ieast once or more. This remarkably enhances steel ductility. 

[0042] The reason why the surface temperature of the steel material is controlled to 700 to 1 ,000**C is that low 
temperature rolling can fine crystal grains and the structure after rapid cooling. When the temperature is 1 ,000°C or 
lower, the austenlte grain size number in the surface layer is 6; when it is 950*^0 or lower, the grain size number is 9; 
5 and when it is 860**C or lower, the grain size number is 10. When the surface temperature is below TOO'^C, however, 
it becomes difficult to reduce the quantity of ferrite in the surface layer, and, for this reason, the surface temperature 
has to be 700* C or above. 

[0043] Note that the direct surface quenching method (DSQ) and the apparatus employed in the present invention 
are publicly known and were disclosed in Japanese Unexamined Patent Publications No. S62-13523 and No. 

10 H1 -2591 8, though the objects of the production in those publications are different from those of the present invention. 
[0044] Fig. 5 is a diagram showing CCT curves for explaining the structures of the surface layer and the center 
portion of a steel bar or wire rod. • 

[0045] As shown in the figure, when a steel bar or wire rod finish-rolled at a low temperature is rapidly cooled and 
then recuperated, the structure of the surface layer 7 mainly cons'sts of tempered martensite since the surface layer 
»5 Is cooled more rapidly, while the structure of the center portion 8 consists of ferrite and pearlite since the center portion 
is cooled more slowly than the surface layer. 

[0046] The object of lowering the surface temperature to 600*^0 or below by rapid cooling and then recuperating the 
surface temperature to 200 to 700**C by the sensible heat is to make the stmcture of the surface layer mainly consist 
of tempered martensite having reduced hardness. 

20 

Example 

[0047] Examples of the present invention are explained hereafter. 

[0048] The steels listed In Tables 1 and 2 wore rolled into stool bars and wire rods under the rolling conditions listed 
25 in Table 3. The diameters of the rolled products ranged from 36 to 55 mm. The rolled products then underwent sphe- 
roidizing annealing and hardening treatment through quenching and tempering. The metallographic structure and ma> 
terial properties of the products were investigated in the as rolled, as spheroldizlng-annealed and as quenched and 
tempered states. The results are shown in Table 3. 

[0049] "The portion from the surface to the depth of 0.15 times the radius of the steel bar or wire rod" specified in 
30 Claims of the present invention is expressed simply as "surface layer' (e.g.. surface layer hardness) in Tables 4 to 6. 
Likewise, Ihe portion from the depth of 0.5 times the radius to the center" specified in Claims of the present invention 
is expressed simply as "center portion" (e.g., center portion hardness) in the tables. The defomnation resistance was 
measured through upsetting tests of columnar test pieces having the same diameter as the rolled products and a height 
1 .5 times the diameter. The critical compressibility was measured through upsetting tests of the columnar test pieces 
55 of the same dimension with a notch 0.8 mm in depth and 0.15 mm in notch apex radius on the surfaces. Test pieces 
for tensile tests were cut out from the positions con-esponding to the surface layer of the rolled products, and the tensile 
strength and reduction of area, which is an indicator of ductility, of the surface layer were measured through tensile 
tests. The rolled products of each steel grade underwent any one of the common quenching and tempering (common 
QT), induction hardening and tempering (IQT) and carburization hardening and tempering (CQT). The induction hard- 
^0 ening was conducted at a frequency of 30 kHz. The carburization hardening was conducted under the condition of a 
cariDon potential of 0.8% and 950*'C x 8 hr. 

[0050] As is clear from Tables 4 to 6, the examples according to the present invention demonstrate remarkably better 
values of the critical compressibility and the reduction of area, which are indicators of steel ductility, compared with the 
comparative examples having the same carbon contents, and their deformation resistance and the hardness after the 

^5 quenching and tempering are satisfactory. 

[0051] Next, the steels listed in Table 7 were rolled Into steel bars and wire rods 36 to 50 mm In diameter under the 
rolling conditions listed in Table 3 as in the above examples, spheroidizing-annealed, and then hardened through 
quenching and tempering. Table 8 shows the investigation results of their structure and material properties. Comparing 
the examples of Table 8 and the comparative examples of Table 6, the examples according to the present invention 

so demonstrate remaricably better values of the critical compressibility and the reduction of area, which are indicators of 
steel ductility, compared with the comparative examples having the same carbon contents, and their deformation re- 
sistance and the hardness after the quenching and tempering arc satisfactory. 

55 
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Industrial Applicabilfty 

[0052] A steel bar or wire rod for cold forging according to the present Invention is a steel bar or wire rod for cold 
forging excellent in ductility after spheroidizlng annealing and capable of preventing the occurrence of cracking in the 
5 steel nnaterial during cold forging, whbh cracking has so far been a problem in the cold forging after spheroidizlng 
annealing. Since the present invention makes it possible to manufacture forged machine components requiring heavy 
working by cold forging, it brings about remarkable advantages of great productivity Improvement and energy saving. 



10 Claims 

1 . A steel bar or wire rod for cold forging excellent in ductility after spheroidizlng annealing, having a chemtoal com- 
position comprising, in mass, 

15 0.1 to0.657oOtC, 

0.01 to 0.5% ot Si, 

0.2 to 1.7% of Mn, 

0.001 to 0.15% of S, 

0.015 to 0.1% of Al, 
20 0.0005 to 0.007% of B, and 

the restricted elements of 

0.035% or less of P, 

0.01 % or less of N and 

0.003% or less of O, 

25 with the balance consisting of Fe and unavoidable impurities, characterized In that: the area, percentage of 

fen-ite structure is 10% or less at the portion from the surface to a depth of 0.1 5 times the radius of the steel 
bar or wire rod; the other portion consists substantially of one or more of martensite, bainlte and pearlite; and 
further the average hardness of the portion from the depth of 0.5 times its radius to its center is less than the 
hardness of its surface layer (the portion from the surface to the depth of 0.15 times the radius) by HV 20 or 

30 more. 

2. A steel bar or wire rod for cold forging excellent in ductility after spheroidizlng annealing according to claim 1 , 
characterized by further containing 0.2 mass % or less of Ti. 

35 3. A steel bar or wire rod for cold forging excellent in ductliity after spheroidizlng annealing according to claim 1 or 
2, characterized by further containing, by mass, one or more of 

3.5% or less of Ni, 
2% or less of Cr and 
40 1%or lessof Mo. 

4. A steel bar or wire rod for cold forging excellent In ductility after spheroidizlng annealing according to any one of 
claims 1 to 3, characterized by further containing, by mass, one or both of 

45 0.005 to 0.1% of Nb and 

0.03 to 0.3% of V. 

5. A steel bar or wire rod for cold forging excellent in ductility after spheroidizlng annealing according to any one of 
claims 1 to 4, characterized by further containing, by mass, one or more of . * 

so 

0.02% or less of Te, 
0.02% or less of Ca, 
0.01% or less of Zr, 
035% or less of Mg, 
55 0.1% or less of Y and 

0.15% or less of rare earth elements. 

6. A steel bar or wire rod for cold forging excellent in ductility after spheroidizlng annealing according to any one of 
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cl^itms 1 to 5, characterized in that the austenite grain size number according to Japanese Industrial Standard 
(J!S) is 6 or larger at the portion from the surface to the depth of 0.15 times the radius of the steel bar or wire rod. 

A method to produce a steel bar or wire rod for cold forging excellent in ductility after spheroidizing annealing, 
characterized by finish-hot-roiling a steel having a chemical composition specified in any one of claims 1 to 5 in 
a manner to control its surface temperature to 700 to 1 ^OOO^C at the exit from the final finish rolling stand and then 
subjecting it to at least one or more process cycles consisting of rapid cooling to a surface temperature of 600**C 
or below and recuperation by its sensible heat to a surface temperature of 200 to 700''C , so that the area percentage 
of ferrite structure is 10% or less at the portion from the surface to the depth of 0.15 times the radius of the steel 
bar or wire rod, the other portion consists substantially of one or more of martensite, bainite and pearlite, and 
further the average hardness of the portion from the depth of 0.5 times its radius to its center is softer than the 
hardness of Its surface layer (the portion from the surface to the depth of 0.15 times the radius) by HV 20 or more. 

A steel bar or wire rod for cold forging excellent in ductility, characterized in that the steel bar or wire rod is 
subjected to spheroidizing annealing as in any one of claims 1 to 6, the degree of spheroidlzed structure defined 
by JIS G 3539 is within No. 2 ai the portion from the surface to the depth of 0.15 times the radius of the steel bar 
or wire rod and, in addition, the degree of spheroidized structure is within No. 3 at the portion from the depth of 
0.5 times Its radius to Its center 

A steel bar or wire rod for cold forging excellent in ductility according to claim 8, characterized in that the ferrite 
grain size number under JIS is 8 or larger at the portion from the surface to the depth of 0.15 times the radius of 
the steel bar or wire rod. 
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Fig.2(a) 
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Fig. 2(b) 
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Fig. 3(a) 
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Fig. 3(b) 
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Fig. 5 (a) 




Fig.5(b) 
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